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STRAP-CONTACT SCHEME FOR COMPACT 
ARRAY OF MEMORY CELLS 

TECHNICAL FIELD 

The present invention relates generally to semiconductor 
devices, and more particularly to strap-contact con?gurations 
for a memory cell array. 

BACKGROUND 

Wide varieties of semiconductor memory devices have 
been developed. These semiconductor memory devices are 
continuously employed in neW and expanded uses, Which 
require an integrated circuit of increased capabilities and 
decreased cost. Accordingly, there exists a continuing 
demand for inexpensive semiconductor devices having 
increased memory and reduced chip siZe. Many semiconduc 
tor devices are comprised of multiple types of circuits such as 
memory and logic circuits. Flash memory cells are typically 
formed, along With other circuits (non-memory circuits) such 
as core circuits, as embedded ?ash memory. Flash memory 
cells may be included in system on a chip (SOC) devices. 

Flash memory has become increasingly popular in recent 
years. A typical ?ash memory comprises a memory array 
having a large number of memory cells arranged in blocks. 
Each of the ?ash memory cells is fabricated as a ?eld-effect 
transistor having a control-gate and a ?oating-gate. The ?oat 
ing-gate is capable of holding charges and is separated from 
source and drain regions contained in a substrate by a layer of 
thin oxide. The memory cells may be capable of several 
operations including program, read, Write, and erase. For 
example, memory cells may be electrically charged by inject 
ing electrons from the drain region through the oxide layer 
onto the ?oating-gate. The charges may be removed from the 
?oating-gate, in one knoWn approach, by tunneling the elec 
trons to the source through the oxide layer during an erase 
operation. The data in a memory cell is thus determined by the 
presence or absence of a charge on the ?oating-gate. 
Amorphous polysilicon (poly) lines or buried lines (for 

example patterned doped silicon) may be used to interconnect 
components of the memory cells together in an array. A 
contact is provided betWeen the poly or buried line and the 
interconnect structure (typically metal). As arrays become 
larger, there may be a voltage drop along poly or buried lines. 
The voltage drop may be detrimental to the function and 
speed of the array. One method of overcoming this problem 
may be to use metal lines rather than poly or buried lines to 
interconnect components of the memory cells. HoWever, a 
larger memory cell may then be required to accommodate the 
space needed to connect contacts to each memory cell com 
ponent. 

SUMMARY OF THE INVENTION 

These and other problems are generally solved or circum 
vented, and technical advantages are generally achieved by a 
strap-contact con?guration for a memory cell array. 
A semiconductor device is presented including a plurality 

of memory cells arranged in an array. The array includes a 
plurality of bit-lines, each bit-line forming a column in the 
array, a plurality of control-gate lines, each control-gate line 
forming a control-gate sub-roW in the array, a plurality of 
erase gate lines, each erase gate line forming an erase gate 
sub-roW in the array, a plurality of common-source lines, each 
common-source line forming a common-source sub-roW in 
the array, and a plurality of Word-lines, each Word-line form 
ing a roW in the array. 
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2 
Further, the array includes a plurality of straps, each strap 

electrically coupled to one or more of a control-gate line, an 
erase gate line, a common-source line and a Word-line. More 
over, each strap is electrically coupled through a strap-contact 
in a strap-contact cell to the one or more of the control-gate 
line, the erase gate line, the common-source line, or the Word 
line. 
A ?rst memory cell is electrically connected to a ?rst 

bit-line, a ?rst control-gate line, a shared erase gate line, a 
shared common-source line, and a ?rst Word-line. A second 
memory cell is electrically connected to a ?rst bit-line, a 
second control- gate line, the shared erase gate line, the shared 
common-source line, and a second Word-line. The ?rst 
memory cell and the second memory cell form a unit set. A 
plurality of strap-contact cells is provided, Wherein a strap 
contact cell is substantially a same length as the unit set and 
from about one to three times a Width of the unit set. 
An advantage of an illustrative embodiment is providing a 

strap-shunting con?guration With e?icient masking steps 
Without adding complicated process steps. 
The foregoing has outlined rather broadly the features and 

technical advantages of an illustrative embodiment in order 
that the detailed description of the invention that folloWs may 
be better understood. Additional features and advantages of 
an illustrative embodiment Will be described hereinafter, 
Which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the 
conception and speci?c embodiment disclosed may be 
readily utiliZed as a basis for modifying or designing other 
structures or processes for carrying out the same purposes of 
the present invention. It should also be realiZed by those 
skilled in the art that such equivalent constructions do not 
depart from the spirit and scope of the illustrative embodi 
ments as set forth in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the illustrative 
embodiments, and the advantages thereof, reference is noW 
made to the folloWing descriptions taken in conjunction With 
the accompanying draWings, in Which: 

FIG. 1 is a plan vieW of a portion of a memory array in 
accordance With an illustrative embodiment; 

FIG. 2 is a cross-sectional vieW ofa unit set; 
FIG. 3 shoWs a cross-sectional vieW of an EG strap-contact 

cell, With a corresponding top vieW; 
FIG. 4 shoWs a cross-sectional vieW of a CS strap-contact 

cell, With a corresponding top vieW; 
FIG. 5A depicts a ?rst embodiment of a CS/CG multi 

strap-contact cell, With a corresponding top vieW depicted in 
FIG. 5B, and FIG. 5C depicts a second embodiment of a 
CS/CG multi strap-contact cell; and 

FIG. 6 shoWs an EG/WL multi strap-contact cell, With a 
corresponding top vieW. 

Corresponding numerals and symbols in the different ?g 
ures generally refer to corresponding parts unless otherWise 
indicated. The ?gures are draWn to clearly illustrate the rel 
evant aspects of the preferred embodiments and are not nec 
essarily draWn to scale. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

A semiconductor device of the presently preferred embodi 
ments is discussed in detail beloW. It should be appreciated, 
hoWever, that an illustrative embodiment provides many 
applicable inventive concepts that can be embodied in a Wide 
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variety of speci?c contexts. The speci?c embodiments dis 
cussed are merely illustrative of speci?c Ways to make and 
use the invention, and do not limit the scope of the invention. 

The present invention Will be described With respect to 
illustrative embodiments in a speci?c context, namely, a split 
gate ?ash memory array. The invention may also be applied, 
hoWever, to other ?ash memory arrays and to other semicon 
ductor devices comprising arrays. 

Turning noW to FIG. 1, a plan vieW of a portion of a 
memory array in accordance With an illustrative embodiment 
is shoWn. Array 100 comprises memory cells arranged in 
roWs and columns. A feW of the plurality of memory cells 106 
making up the array are depicted by intersections of bit-line 
(BL) columns 102, and Word-line (WL) roWs 104. Bit-lines 
are conducting lines, Which may be comprised of metal, lay 
ers of metal, polysilicon or the like. In one aspect of an 
embodiment, bit-lines are comprised of the ?rst layer of metal 
interconnect, metal 1, Which may be Al, Cu, other metals and 
alloys, polysilicon and other conductive materials. In this 
example, the bit-lines are a Cu damascene structure. Word 
lines are typically polysilicon lines but may be comprised of 
other conductive materials. 

In an illustrative embodiment, strap-contact corridors 108 
are provided parallel to BL columns 102. Strap-contact cor 
ridors 108 are columns Within array 100 that provide strap 
contacts for straps. Straps (not shoWn) are conductive lines 
that serve as shunts for poly lines or buried layer lines. A 
metal line, for example, may have a much loWer voltage drop 
along the length of the line than does a poly or buried line. 
Therefore, an advantage to shunting poly lines With metal or 
other conductive lines may be that a more consistent voltage 
is provided to each memory cell. HoWever, the addition of 
straps may add signi?cantly to the area of the array, because 
strap-contacts may require array area. Therefore, in an illus 
trative embodiment, strap-contacts to each memory cell are 
not provided. Rather, a poly or buried line may be provided 
With a strap-contact periodically across the array. Thus, an 
illustrative embodiment may have the advantages of the con 
sistent voltages of a metal line, While each memory cell need 
not be expanded to accommodate the extra space needed for 
each memory cell node strap-contact. Further, a different 
number of strap-contacts may be provided for different 
memory cell lines, alloWing for ?exibility When designing a 
memory array in accordance With an illustrative embodiment. 
For example, a control-gate line may be provided a strap 
contact every 128 bits, Whereas a common-source line may be 
provided a strap-contact every 32 bits. 

Strap-contact corridor 108 may comprise control-gate 
(CG) contacts, Which contact CG lines, common-source (CS) 
contacts, Which contact CS lines, erase gate (EG) contacts, 
Which contact EG lines, and Word-line (WL) contacts, Which 
contact WLs. Strap-contacts are comprised of conductive 
materials such as W, polysilicon, metals, metal alloys, other 
conductive materials, or the like. A preferred contact material 
may be tungsten, for example. Typically, strap-contacts are 
formed by patterning and etching material in layers betWeen 
the conductive lines to be interconnected, thus a contact hole 
is provided for a conducting contact material. The landing for 
a strap-contact on poly or silicon is typically siZed large 
enough to alloW for some process variation. The landing siZe 
for a contact may vary depending on such factors as the 
number and types of materials in the intervening layers that 
must be etched. Strap-contact landings may signi?cantly 
increase the siZe of the array. HoWever, if too feW contacts are 
provided to the straps, the poly and buried lines may be too 
resistive and the array may not be optimiZed. Throughout the 
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4 
description, the term “unit set” is used to refer to tWo memory 
cells sharing a common-source. 

FIG. 2 illustrates a cross-sectional vieW of a unit set, in 
accordance With an embodiment. Unit set 200 includes tWo 
common-source ?ash memory cells 210 and 220 formed on a 
semiconductor substrate 230. Memory cell 210 includes 
?oating-gate FGl 252, control-gate CGl 206, Word-line WLl 
204, and bit-line node BLl 254. BLl 254 may be shared With 
another unit set (not shoWn). BLl contact 256 connects BLl 
254 to a bit-line (not shoWn). Memory cell 220 includes 
?oating-gate FG2 253, control-gate CG2 207, Word-line WL2 
205, and bit-line node BL2 255. Again, BL2 255 may be 
shared With another unit set (not shoWn). Memory cells 210 
and 220 share common-source CS 208 and erase-gate EG 
209. Bit-line nodes BLl 254 and BL2 255 are interconnected 
by a bit-line (not shoWn). 

It may be noted that erase gate EG 209 is over common 
source CS 208. Therefore, according to an illustrative 
embodiment, a strap-contact to an erase gate and a common 
source may not occur in the same strap-contact unit set. 

In an illustrative embodiment, control-gates CGl 206 and 
CG2 207 are disconnected from each other, and thus may be 
connected to different voltages. As an example, during a 
program operation of memory cell 210, a voltage may be 
applied betWeen bit-line node BL l 254 and common-source 
CS 208, With, for example, a bit-line voltage of about 0.4V 
and a common-source voltage of about 4V, for example. 
Word-line WLl 204 may have a voltage applied, of about 
1.5V, for example, in order to turn on a channel in semicon 
ductor substrate 230. Therefore, a current ?oWs betWeen 

common-source CS 208 and bit-line node BLl 254. A control-gate voltage, about 10V, for example, may be applied 

on control-gate CGl 206, and thus electrons are programmed 
into ?oating-gate FGl 252 under the in?uence of a high elec 
trical ?eld. At the time memory cell 220 may be programmed, 
control-gate CG2 207 of memory cell 220 may be connected 
to a loW voltage, for example, about 0V. 
Mono strap-contact cells are those strap-contact cells 

Which employ one type of strap-contact, such as CG (that is 
both CGI and CG2), CS, WL (that is both WLl and WL2), and 
EG. Different mono strap-contact cells may be different siZes 
depending on What type of mono strap-contact it employs. 

FIG. 3 shoWs a cross-sectional vieW 375 of an EG strap 
contact cell 300, With a corresponding top vieW 376. EG 
strap-contact cell 300 is a mono strap-contact, meaning that 
only one type of strap-contact is included in the cell. Thus, a 
mono strap-contact cell may include a CS strap-contact, an 
EG strap-contact, both the CGI and CG2 strap-contacts, or 
both the WLl and WL2 strap-contacts. Cross-sectional vieW 
375 shoWs EG strap-contact cell 300 employing EG strap 
contact 359 to contact EG 309. Corresponding top vieW 376 
shoWs a polysilicon EG strap layer 390 under EG contact 359. 
Recall from FIG. 2 that the EG poly 209 is over CS region 
208. 

FIG. 4 shoWs a cross-sectional vieW 475 of a CS strap 
contact cell 400, With a corresponding top vieW 476. CS 
strap-contact cell 400 employs CS strap-contact 458 to con 
tact CS 408. Note that the EG 209 is removed from unit set 
400 (compare With unit set 200 in FIG. 2), thereby enabling 
CS strap-contact 458 to contact CS 408 in the substrate. Thus, 
in one aspect of an illustrative embodiment, there may be no 
multi strap-contact cells that include both EG strap-contacts 
and CS strap-contacts. Top vieW 476 of CS strap-contact cell 
400 shoWs that there is no polysilicon EG layer under the CS 
strap-contact 458 (compare With top vieW 376 of FIG. 3 
shoWing polysilicon EG layer 390). 
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In an embodiment, a multi strap-contact cell may employ 
more than one type of strap-contact, Within a unit set, such as 
unit set 200 in FIG. 2. Such multi strap-contact cells may be, 
for example, EG/WL, CG/ CS, WL/CS, or CG/EG strap-con 
tact cells. For optimum signal transmission and to minimiZe 
the area of a memory array, a variety of mono and multi 
strap-contact cells may be employed in the memory array. 
FIG. 5, Which includes FIGS. 5A-5B shoWs an example of a 
CG/CS strap-contact cell. FIG. 6 shoWs an example of an 
EG/WL multi-strap contact cell. 

FIG. 5A depicts an embodiment of a CS/CG multi strap 
contact cell, With a corresponding top vieW in FIG. 5B. A 
CG/CS multi strap-contact cell 550 is shoWn. CS strap-con 
tact 552 contacts CS 554. CGl 557 and CG2 558 strap-contact 
contact CGl 555 and CG2 556. In another embodiment, CGl 
557 and CG2 558 strap-contacts may have an expanded land 
ing con?guration, alloWing for process variations in the con 
tact process. The strap-contact unit set may be modi?ed to 
accommodate a larger CG contact landing, as compared to a 
CG line in a unit set. 

FIG. 5C illustrates another embodiment of a CS/ CG multi 
strap-contact cell. The WL poly may be discontinued in a CG 
strap-contact unit set and the CG strap-contact landing may 
be placed in the WL location in the CG strap-contact unit set. 
CG/CS multi strap-contact cell 560 is shoWn. CS strap-con 
tact 562 contacts CS 564. CGl 567 and CG2 568 strap-con 
tacts contact CGl 565 and CG2 566, respectively. CGl 567 
and CG2 568 strap-contacts may have an expanded landing 
con?guration, alloWing for process variations in the contact 
process. 

In another embodiment, the CG poly may be expanded to 
over the WL poly (With an isolation layer in betWeen the tWo 
layers). In either example case, the WL poly may not have a 
strap-contact Within the same unit set. While CGl 565 and 
CG2 566 are in the multi strap-contact cell With CS strap 
contact 562, the metal connections (not shoWn) to these con 
tacts are not shorted together. The contacts are coupled to 
different metal layers formed in the subsequent processing of 
the semiconductor device (not shoWn). 

FIG. 6 shoWs an EG/WL multi strap-contact cell. EG/WL 
multi strap-contact cell 600 includes WLl strap-contact 654 
coupled to WLl 604, WL2 strap contact 655 coupled to WL2 
605, and EG contact 659 coupled to EG 609. 
The scope of the present application is not intended to be 

limited to the particular embodiments of the process, 
machine, manufacture, composition of matter, means, meth 
ods and steps described in the speci?cation. As one of ordi 
nary skill in the art Will readily appreciate from the disclosure 
of the present invention, processes, machines, manufacture, 
compositions of matter, means, methods, or steps, presently 
existing or later to be developed, that perform substantially 
the same function or achieve substantially the same result as 
the corresponding embodiments described herein may be 
utiliZed according to the present invention. Accordingly, the 
appended claims are intended to include Within their scope 
such processes, machines, manufacture, compositions of 
matter, means, methods, or steps. 

What is claimed is: 
1. A semiconductor device comprising: 
a plurality of memory cells arranged in an array; 
a plurality of bit-lines, each bit-line forming a column in 

the array; 
a plurality of control-gate lines, each control-gate line 

forming a control-gate sub-roW in the array; 
a plurality of erase gate lines, each erase gate line forming 

an erase gate sub-roW in the array; 
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6 
a plurality of common-source lines, each common-source 

line forming a common-source sub-roW in the array; 

a plurality of Word-lines, each Word-line forming a Word 
line roW in the array; 

a plurality of straps, each strap electrically coupled to at 
least one of the control-gate line, the erase gate line, the 
common-source line and the Word-line, Wherein each 
strap is electrically coupled through a strap-contact in a 
strap-contact cell to each of the control-gate line, the 
erase gate line, the common-source line, and the Word 
line; 

a ?rst memory cell electrically connected to a ?rst bit-line, 
a ?rst control-gate line, a shared erase gate line, a shared 
common-source line, and a ?rst Word-line; 

a second memory cell electrically connected to the ?rst 
bit-line, a second control-gate line, the shared erase gate 
line, the shared common-source line and a second Word 
line, Wherein the ?rst memory cell and the second 
memory cell form a unit set; 

a plurality of strap-contact cells, Wherein each strap-con 
tact cell has substantially a same length as the unit set 
and has a Width from about one to three times a Width of 
the unit set; and 

a plurality of strap-contact corridors, each strap-contact 
corridor forming a sub-column in the array, Wherein 
each strap-contact corridor comprises at least one strap 
contact cell, and Wherein a Width of each strap-contact 
corridor is substantially the Width of each strap-contact 
cell. 

2. The semiconductor device of claim 1, Wherein each 
strap-contact corridor is a control-gate strap-contact corridor, 
and Wherein the control-gate strap-contact corridor is about 
three times the Width of the unit set. 

3. The semiconductor device of claim 1, Wherein each 
strap-contact corridor is an erase gate strap-contact corridor, 
and Wherein the erase gate strap-contact corridor is substan 
tially the same Width as the unit set. 

4. The semiconductor device of claim 1, Wherein each 
strap-contact corridor is a common-source strap-contact cor 
ridor, and Wherein the common- source strap-contact corridor 
is about tWo times the Width of the unit set. 

5. The semiconductor device of claim 1, Wherein each 
strap-contact corridor is a Word-line strap-contact corridor, 
and Wherein the Word-line strap-contact corridor is about 1.5 
times the Width of the unit set. 

6. The semiconductor device of claim 1, Wherein each 
strap-contact corridor is a control-gate/common-source multi 
strap-contact corridor, and Wherein the control-gate/com 
mon-source multi strap-contact corridor is about three times 
the Width of the unit set. 

7. The semiconductor device of claim 1, Wherein each 
strap-contact corridor is a control-gate/erase gate multi strap 
contact corridor, and Wherein the control-gate/erase gate 
multi strap-contact corridor is about three times the Width of 
the unit set. 

8. The semiconductor device of claim 1, Wherein each 
strap-contact corridor is a Word-line/common-source multi 
strap-contact corridor, and Wherein the Word-line/common 
source multi strap-contact corridor is about tWo times the 
Width of the unit set. 

9. The semiconductor device of claim 1, Wherein each 
strap-contact corridor is a Word-line/erase gate multi strap 
contact corridor, and Wherein the Word-line/ erase gate multi 
strap-contact corridor is about 1.5 times the Width of the unit 
set. 
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10. The semiconductor device of claim 1, wherein the 
plurality of strap-contact corridors is separated by n bit-lines, 
Wherein n is greater than or equal to one. 

11. The semiconductor device of claim 1 further compris 
ing: 

a plurality of control-gate strap-contacts With j bit-lines 
betWeen each of the plurality of control-gate strap-con 
tacts in the control-gate sub-roW; 

a plurality of erase gate strap-contacts With k bit-lines 
betWeen each of the plurality of erase gate strap-contacts 
in the erase gate sub-roW; 

a plurality of common-source strap-contacts With m bit 
lines betWeen each of the plurality of common-source 
strap-contacts in the common-source sub-roW; and 

8 
a plurality of Word-line strap-contacts With p bit-lines 

betWeen each of the plurality of Word-line strap-contacts 
in the Word-line roW. 

12. The semiconductor device of claim 11, Wherein j, k, m, 
5 and p may be any integer greater than or equal to one. 

13. The semiconductor device of claim 11, Wherein j#k, 
j#m, and j#p. 

14. The semiconductor device of claim 11, Wherein kIm. 
15. The semiconductor device of claim 14, Wherein k#p. 
16. The semiconductor device of claim 1 further compris 

1ng: 
one control-gate strap-contact for b bit-lines in the control 

gate sub -roW, Wherein b is equal to a number of bit lines 
in the array. 


